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Executive Summary 
This report summarizes and presents the findings of the evaluation prepared by Brown and Caldwell 
(BC) to evaluate, at a conceptual level, two on-site and two off-site treatment and pretreatment 
technologies for removal of per- and polyfluoroalkyl substances (PFAS) compounds at New England 
Waste Services of Vermont’s (NEWSVT) landfill in Coventry, Vermont.  This evaluation was conducted 
as requested and described in the Responsiveness Summary prepared by the Vermont Agency of 
Natural Resources Department of Environmental Conservation (VTDEC) dated October 12, 2018 and 
the Facility Certification dated October 12, 2018, specific condition #86.  In addition to an evaluation 
of benefits and limitations associated with particular disposal and technology alternatives, the 
results of a preliminary economic analysis of the on-site and off-site treatment and disposal options 
are included. The various technologies discussed were evaluated and selected based on commercial 
availability, proven treatment of leachate and effectiveness at PFAS removal for application in each 
of the associated disposal options as part of conceptual integrated treatment systems. This 
evaluation considered only those that are currently proven with leachate, can remove PFAS and are 
commercially available. Given the rapidly evolving development of PFAS treatment technologies, 
Casella will continue to consider and evaluate new technologies that are consistent with the 
foregoing as they become available. 

Based on the results of this study, there are several core technical and regulatory challenges related 
to treating landfill leachate for PFAS at NEWSVT:   
1. The lack of promulgated PFAS treatment or discharge standards makes the process of selecting 

a specific treatment approach and technology problematic. Without established performance 
limits as a basis of a system performance design, design engineers will not be able to specify 
appropriate processes or equipment for supply by technology vendors, nor will an accurate 
economic analysis be possible. This is particularly problematic since PFAS consists of thousands 
of compounds, the vast majority of which have not been evaluated for health risks nor 
treatment. Accordingly, this evaluation is limited to removal of PFAS compounds that currently 
have regulatory health advisories (HA) and preventive action limits (PAL) in the State of Vermont 
(PFOA. PFOS, PFNA, PFHxS and PFHpA), rather than PFAS as a class, with a primary focus on 
PFOA and PFOS given the greater availability of information. Identified treatment technologies 
may be less effective at removing other PFAS compounds that are not currently regulated or as 
well studied. 

2. The primary focus for research conducted on PFAS removal has been on comparatively clean 
liquid matrices (compared to leachate) such as drinking water and groundwater due to their 
potential for human contact and ingestion. Additionally, the vast majority of the evaluations have 
focused on PFOA and PFOS. There is limited information available regarding treatment of PFAS 
in a complex matrix such as leachate. 

3. There is very limited data available on PFAS concentrations as well as other leachate and POTW 
effluent characteristics that may have significant impacts on technology and leachate disposal 
selection and costs. Additional characterization and treatability testing are required to validate 
the results of this evaluation. 

4. The chemical nature of PFAS compounds and the very low concentrations present in leachate, 
coupled with the complex chemical matrix of leachate makes ‘front end’ selective treatment of 
PFAS in landfill leachate technically infeasible for most standard waste water treatment 
processes.  Therefore, significant ‘front end’ pretreatment of the leachate is required before 
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PFAS removal can be accomplished at the ‘back end’ of a standard treatment system process.  
This makes most on-site treatment options complex with multiple processing steps required 
before PFAS removal can be accomplished. Removal to single parts per trillion concentrations is 
challenging in a clean (e.g., drinking water) matrix and is further complicated by the matrix 
presented by leachate. 

5. Because of the chemically stable nature of PFAS compounds and complex chemical matrix of 
leachate, all of the PFAS treatment processes commercially available for a leachate application 
ultimately either concentrate or capture PFAS compounds into a liquid concentrate, solid 
residual or spent media form. These residuals still must be either stabilized (to ensure that the 
compounds don’t get re-entrained in the leachate) and then landfilled on site or shipped off site 
for either disposal or incineration at another disposal facility. There are also many unknowns 
associated with disposal of residuals such as formation of secondary compounds through 
incomplete destruction. Therefore, the management of treatment process residuals containing 
PFAS compounds is a significant part of the challenge and must be considered carefully in terms 
of technical and economic viability as well as secondary environmental impacts for any currently 
available treatment scenario selected. There is limited information available regarding the 
availability and effectiveness of currently available final disposal/destruction options.  

6. On-site treatment options will require multi-media (water, air, solid waste) permitting 
coordination by VTDEC for project advancement. As noted above, promulgated limits have not 
been established by Vermont for any media at this time thus complicating the potential 
application of on-site options in a timely manner. Additionally, effective residuals management 
solutions are largely unproven. Confirmation of the status of leachate derived PFAS residuals as 
hazardous or non-hazardous waste is needed to understand final residual management 
requirements. 

7. On-site options for residuals management result in negative impacts on landfill capacity and 
operational costs due to leachate treatment and stabilization and landfill placement of residuals. 
The landfill effectively becomes a terminal sequestration point for PFAS associated with any 
PFAS containing waste (e.g., POTW sludge, municipal solid waste and industrial/special wastes) 
with an associated public benefit. This public benefit should be acknowledged and reflected 
both economically and through permitting approaches. 

8. Implementation of PFAS removal for off-site options offers several significant challenges that 
must be addressed including leachate treatment capacity limitations at Montpelier and Newport, 
PFAS removal system confirmation testing and design, permitting, contractual and financial 
aspects, possible residuals management impact on landfill capacity, and project funding. There 
are undefined sources of PFAS to POTWS. For example, a review of data in the Weston and 
Sampson report “Wastewater Treatment Facility and Landfill Leachate PFAS Sampling Various 
Locations, Northern Vermont” dated May 3, 2018 indicates <25 percent of PFOA and PFOS is 
associated with NEWSVT leachate. Treatment of POTW effluent will remove the non-leachate 
associated PFAS offering a substantial environmental benefit to the public complex. Contractual 
arrangements to secure long-term disposal rights and fair rates would be needed to assure the 
long-term viability of this approach. Note that these off-site options still have limitations as 
summarized in bullet 1 above and treatment may be less effective at removing many of the 
other PFAS compounds that are not currently regulated.  

Analysis of the various options to treat leachate for PFAS removal consisted of the elements below. 
Technical memorandums summarizing the results of preceding steps of the evaluation are provided 
in the listed appendices. This report summarizes information on treatment technologies, on- and off-
site options, residuals and preliminary costs. 
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• Leachate Characterization (Appendix A) 
• Regulatory Review (Appendix B) 
• Leachate Strategy Review (Ranking; weighted economic, environmental, technology factors), 

(Appendix C) 
• GAC and IX Resin Isotherm Testing of POTW Effluents (Appendix D) 
• Capacity Evaluation for Leachate Treatment of Montpelier POTW (Appendix E) 
• Capacity Evaluation for Leachate Treatment of Newport POTW (Appendix F) 

Results Summary 

Based on the results of this study and analysis, the preferred on-site treatment approach is to direct 
discharge to surface water (DSW) after on-site treatment via a Rochem Reverse Osmosis (RO) 
leachate treatment system.  Most of the on-site treatment system processes reviewed can treat the 
leachate to, or near to, applicable and anticipated surface water quality standards in the process of 
removing PFAS compounds.  Therefore, it makes sense to discharge the clean treatment effluent 
directly rather than haul otherwise clean effluent to a publicly owned treatment works (POTW) for 
discharge.  The Rochem RO process removes the overwhelming majority of Vermont regulated PFAS 
compounds from the wastewater stream to below health advisory levels for drinking water (surface 
water quality limits for PFAS have not been promulgated at this time).  The Rochem RO technology 
also requires fewer front-end processes to accomplish PFAS treatment than many of the other 
technology options reviewed and has a proven industry track record in treating landfill leachate.   

The principal challenge with this technology option is in the management of RO treatment residuals, 
which will concentrate contaminants removed in the process (including PFAS compounds) into 
concentrated liquid residual volume of approximately 10 to 25 percent of the original total influent 
leachate volume.  The removed contaminants are thus concentrated by a factor of 4-10 times in the 
RO concentrate residual.  Therefore, there is a significant residuals management process at the back 
end to allow placement of residuals in the landfill without re-entrainment of contaminants into the 
leachate.  This will require liquids minimization (via evaporation) and then stabilization of the 
concentrated waste to mitigate the potential that landfilled residuals allow re-entrained PFAS 
compounds back into the landfill leachate.  Stabilization technologies to provide effective long-term 
sequestration of PFAS are under development and not yet proven as technically attainable or cost 
effective.  Off-site disposal and destruction of residuals via incineration at adequate temperatures 
(>1,000°C) is currently limited due to few available facilities and there is uncertainty regarding 
production and long-term liability associated with incineration byproducts.  Other technology and 
regulatory challenges include effluent discharge permitting, air emissions permitting (odor and 
emissions from evaporation), regulatory classification of residuals (haz/non-haz) and reliable 
stabilization and sequestration of the residual PFAS and other concentrated compounds.  The 
permitting challenges will require focused VTDEC support of this approach to be successful.  This 
treatment option has a relatively higher upfront capital cost but will have a lower operating cost than 
the preferred off-site leachate management option but provides NEWSVT with more control of the 
process. 

For off-site leachate management options, the preferred approach is to continue hauling raw 
leachate to either the Newport or Montpelier POTWs (for conventional leachate treatment) and 
upgrading of one of these facilities to treat for PFAS compounds at the back end of their existing 
treatment process, prior to discharge. Such an approach would require a potentially complex 
contractual agreement with the selected facility to address a host of issues including project funding, 
disposal fees, compliance considerations, long-term disposal assurance and back-up disposal 
outlets.   
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This approach results in removal of PFAS associated with leachate as well as PFAS associated with 
undefined sources in the POTW influent. Upgrades would include additional raw leachate storage 
and equalization tanks at the front end of the POTW process and granular activated carbon (GAC) 
and/or ion exchange (IX) resin treatment at the backend.  Modifications to the existing POTW 
facilities including increased aeration capacity would be needed at either Montpelier or Newport to 
accommodate all current and future leachate volumes. GAC and/or IX treatment for PFAS in a 
(relatively) clean waste water stream is a well-established method of PFAS removal for longer chain 
PFAS compounds that are currently regulated.  Shorter chain compounds, if regulated, would likely 
require additional treatment such as PFAS specific resins. POTW effluents will contain a broad suite 
of other constituents that will adsorb to carbon (or resins) and compete for adsorption of PFAS 
compounds.  Note that back end GAC and/or IX treatment would need to be sized to treat all of the 
POTW effluent for PFAS, not just leachate.  It should also be noted that carbon or IX treatment would 
not be selective to just PFAS compounds, therefore media loading (i.e., expenditure rate) will also be 
a function of both PFAS and some non-PFAS constituents present in the POTW discharge, albeit 
present at concentrations within the currently allowable discharge standards.  Although it is an 
environmentally attractive benefit that non-landfill sources of PFAS are also treated (along with some 
other compounds), this beneficial impact is not well quantified and is a significant risk in terms of 
GAC/resin operating cost (i.e., carbon/resin media usage).  It should be noted that the recovered 
PFAS would be ultimately destroyed when the GAC media (if used) is reactivated at an off-site GAC 
recovery facility provided the facility operates at required temperatures and residence times.  Note 
that carbon reactivation at a temperature of >1,000°C is reported to be required for PFAS 
destruction. Research is ongoing regarding the required conditions for destruction and the potential 
for generation of combustion byproducts. Spent resins would either be landfilled after stabilization, 
incinerated or regenerated (with the regenerate requiring disposal similar to that of RO concentrate). 
Operating costs associated with this option include GAC/resin media usage, leachate hauling and 
leachate disposal fees, which will still remain, and resin residuals disposal. GAC reactivation is 
included in the GAC media cost. 

This option has the benefit of a continuation of the business-as-usual approach of hauling and 
disposal of leachate, relying on the POTW facilities to manage treatment processes.  There are also 
qualitative benefits and challenges of this option associated with ‘partnering’ on this problem with 
local municipal POTWs including items mentioned previously. Although the capital costs associated 
with this option are less than the capital costs associated with the preferred on-site treatment 
option, overall operating expenses are expected to be higher than the on-site treatment option in 
part due to the greater volume of liquid being treated (e.g., entire POTW flow), lower PFAS 
concentrations (e.g., reduced adsorption driving force) and competing adsorption compounds in the 
POTW effluent.   Although there is potential for capital and O&M cost sharing, transportation costs 
would likely not be reduced as they are volume and distance based.   

One of the principal challenges is the ability of either of the two POTW facilities (Montpelier and 
Newport) evaluated to be able to manage all of NEWSVT’s raw leachate as part of its’ current 
treatment process, regardless of the presence of PFAS compounds.  Both Montpelier and Newport 
are limited in leachate treatment capacity and each would require upgrades to aeration capacity and 
leachate receiving to allow acceptance of the full quantity of leachate currently produced at the 
landfill. Acceptance of the longer term anticipated leachate volume would require more substantial 
upgrades at the POTWs, including additional tankage at Newport and a new aeration grid and 
blowers at Montpelier...this will drive both capital and operating costs unfavorably.  Another key 
challenge, which is still undetermined, is the allowable effluent discharge concentration of PFAS 
from the POTWs. Without established PFAS discharge limits, the design and probable operating costs 
of the GAC treatment system cannot be accurately determined.  Costs herein are based on testing of 
only a single sample of pre-disinfection effluent from each POTW (Montpelier and Newport) and are 
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therefore subject to significant variability. Other potential challenges with this management option 
include limitations on future control of leachate disposal cost, contractual challenges with the 
POTWs associated with capital expenses, disposal costs and guaranteed long-term leachate 
acceptance, control of operating costs managed by others, and capacity limitations at the POTW to 
handle increasing leachate generation due to landfill growth.  

It is important to note: 
• Additional characterization and treatability testing are required to refine and validate treatment 

process performance and economics. 
• Engineering Design has not been completed for any options presented.  Therefore, actual costs 

are expected to be within -30% to +50% of the estimates presented in this report, 
notwithstanding any of the indeterminate variables and risks presented. 
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Table ES-1. Treatment Options Comparison 

 On-Site: Discharge to Surface Water On-Site: Zero Liquid Discharge (ZLD) Off-Site: Pretreatment at POTW (50% Reduction) Off-Site: POTW Enhancements 3,4 

Attribute Option 1a – RO + GAC + Remineralization with 
Concentrator + Emissions Control Option 3a – Concentrator + Emissions Control Option 2a – RO at POTW with Concentrator + 

Emissions Control (at NEWSVT) Option 4a – Filtration + GAC at POTW (Newport) Option 4b – Filtration + GAC at POTW 
(Montpelier) 

Benefits  • Control of own destiny 
• Removes virtually all contaminants 
• All contaminants remain on-site 
• Forward looking for new contaminants 
• Small concentrate volume relative to others 
• Should not require propane supplement 
• Provides a greater overall environmental benefit (for 

leachate only) through greater overall contaminant 
removal as compared to Options 2a, 4a and 4b 

• Does not require siting concentrator at energy plant for 
waste heat 

• Capacity can be increased easily 
• Adequate waste heat and LFG for current and future 

capacity 

• Control of own destiny 
• Single treatment process 
• Removes virtually all contaminants 
• All contaminants remain on-site 
• Forward looking for new contaminants 
• No liquid disposal to environment 
• Capacity can be increased easily 

 

• Removes virtually all contaminants in treated liquid 
• Forward looking for new contaminants 
• Does not require siting concentrator at energy plant for 

waste heat 
• Capacity can be increased easily 
• Adequate waste heat and LFG for current and future 

capacity  

• No on-site treatment 
• Removes other PFAS source contributions 
• Removes a broad suite of organic contaminants 
• Largest overall environmental benefit due to reduction of 

leachate and non-leachate related contaminants 
• Good public perception 
• PFAS destroyed with GAC regeneration 
• No impact to site air-space 
• No additional permitting by Casella 

• Higher flow system (greater dilution) 
• No on-site treatment 
• Removes other PFAS source contributions 
• Removes a broad suite of organic contaminants 
• Largest overall environmental benefit due to 

reduction of leachate and non-leachate related 
contaminants 

• Good public perception 
• PFAS destroyed with GAC regeneration 
• No impact to site air-space 
• No additional permitting by Casella 

Limitations • Air emissions from concentrator (if used), odor concerns 
and PFAS 

• Public perception 
• Permitting challenges (NPDES, air) 
• Concentrate requires sequestration/solidification or off-

site disposal 
• Concentrate impact on airspace  
• Does not eliminate PFAS at site unless concentrate 

disposed off-site via incineration/cement kiln/deep well 
or alternative disposal site  

• Air emissions concerns (odor, PFAS) and permitting 
• Public perception 
• Requires significant supplemental propane and 

associated cost 
• Requires siting at energy plant for waste heat 

utilization 
• High concentrate volume 
• Concentrate requires sequestration/solidification or 

off-site disposal 
• Concentrate impact on airspace  
• Does not eliminate PFAS at site unless concentrate 

disposed off-site via incineration/cement kiln/deep 
well or alternative disposal site 

• Insufficient waste heat and LFG for current and 
future capacity 

• Limited control of own destiny 
• Sized for partial treatment (allows more to environment) 
• Contract challenges 
• Reliance on others for operation (e.g., PFAS pass-

through) 
• Long-term commitment 
• Continued hauling to POTW and concentrate to NEWSVT 
• Potential long lead time for implementation (P3 project) 
• Air emissions from concentrator (if used for residuals), 

odor concerns and PFAS 
• Public perception (Concentrator) 
• Permitting challenges (air) 
• Concentrate requires sequestration/solidification or off-

site disposal 
• Concentrate impact on airspace  
• Does not eliminate PFAS at site unless concentrate 

disposed off-site via incineration/cement kiln/deep well 
or alternative disposal site) 

• Limited control of own destiny 
• Contract challenges 
• Reliance on others for compliance (e.g., PFAS pass-

through) 
• Long-term commitment 
• Continued hauling 
• Less effective on short chain compounds (IX can be 

added) 
• Potential long lead time for implementation (P3 project) 
• Requires increased disposal volume allowance from 

VTDEC 
• May become capacity limited in the future 

 

• Farther distance (higher hauling cost) 
• Limited space for improvements at POTW 
• Limited control of own destiny 
• Contract challenges 
• Reliance on others for compliance (e.g., PFAS pass-

through) 
• Long-term commitment 
• Continued hauling 
• Less effective on short chain compounds (IX can be 

added) 
• Potential long lead time for implementation (P3 

project) 
• Requires increased disposal volume allowance 

from VTDEC 
• May become capacity limited in the future 

 

CapEx Range (Low-Mid-High) ($) 13,700,000-17,100,000-34,200,000 9,600,000-11,900,000-23,900,000 9,000,000-11,300,000-33,600,000 13,400,000-16,800,000-33,600,000 12,500,000-15,700,000-31,300,000 

Total 20-year cost Range (Low-Mid-High) 
incl. CapEx, OpEx, T&D ($) 32,000,000-40,000,000-80,000,000 157,800,000-197,200,000-394,400,000 51,400,000-64,300,000-128,600,000 52,600,000-65,700,000-131,400,000 70,400,000-88,000,000-176,000,000 

Factored Disposal Rating Total2 56.25 49.0 64.25 56.5 56.5 
Combined Rating Total 120 124 132 109 109 

Leachate Application (PFAS removal) RO proven, Air emission uncertainty for concentrator. but 
expected to be minor 

Air emission uncertainty for concentrator but 
expected to be minor 

RO proven, Air emission uncertainty for concentrator. but 
expected to be minor Less proven for treated wastewater to low PFAS levels Less proven for treated wastewater to low PFAS 

levels 

Process Performance Risk  Low RO. Moderate for concentrator (Air emissions and 
odor concerns) Moderate (Air emissions and odor concerns) Low RO. Moderate for concentrator (Air emissions and 

odor concerns) Moderate (operational) Moderate (operational) 

Health and Safety Moderate Moderate Moderate Low Low 
Chemical Use High High High Low Low 

Energy Use High Extreme High Low Low 

Generation of On-site Concentrate Moderate High Moderate None None 

Notes: 
1. 20-year costs calculated based on straight line amortization of equipment CapEx and 2.5% inflation for OpEx and T&D. Based on 50,000 gpd flow.  
2. Refer to Appendix C (Leachate Management Strategy Review Tech Memo) for complete table. Lower ratings are preferred. 
3. The cost estimate includes Newport WWTF upgrades to treat 50,000 gpd leachate at Newport WWTF average loading conditions. Additional $4,550,000 capital cost is required for Newport WWTF upgrades to treat 100,000 gpd leachate at Newport WWTF at average loading conditions. 
4. The cost estimate includes Montpelier WRRF upgrades to treat 50,000 gpd leachate at Montpelier WRRF average loading conditions. Additional $1,015,000 capital cost is required for Montpelier WRRF upgrades to treat 100,000 gpd leachate at Montpelier WRRF at average loading conditions. 
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Section 1 

Introduction 
This report summarizes and presents the findings of the evaluation prepared by BC to evaluate, at a 
conceptual level, the leachate disposal alternatives and associated on-site and off-site treatment 
and pretreatment technologies to assist Casella’s NEWSVT landfill in Coventry, Vermont with 
developing a long-term leachate management plan.  This evaluation has been conducted as 
requested and described in the Responsiveness Summary prepared by the Vermont Agency of 
Natural Resources Department of Environmental Conservation dated October 12, 2018 for at least 
two on-site and two off site treatment options for leachate management.  In addition to an evaluation 
of benefits and limitations associated with particular disposal and technology alternatives the results 
of an economic analysis of the preferred on-site and off-site treatment and disposal options are 
included.  The various technologies discussed were evaluated and selected for application in each of 
the associated disposal options as part of conceptual integrated treatment systems. 

First, an evaluation of leachate characterization data was conducted to determine the design basis 
(leachate flow and characteristics) to form the basis of evaluation (see Appendix A). Second, an 
evaluation of regulatory requirements associated with disposal options was conducted (see 
Appendix B).  Next, an evaluation of potential leachate disposal options was conducted to establish 
specific leachate quality requirements based on discharge requirements associated with each option 
(see Appendix C). Supplemental evaluations were conducted to refine specific areas of uncertainty 
with off-site options that could significantly impact feasibility and costs. This consisted of carbon 
adsorption testing to estimate carbon usage for treatment of POTW effluent (Appendix D) and 
desk-top capacity evaluations for the Montpelier (Appendix E) and Newport (Appendix F) POTWs to 
determine current leachate acceptance capacity and potential upgrades required to provide 
adequate capacity to treat all of the current and future leachate volume produced by NEWSVT. 

There is a broad universe of technologies available for wastewater treatment in the marketplace. 
These technologies generally fall into two broad categories: 
1. Concentrating Technologies: These technologies remove constituents from the liquid stream via 

adsorption, filtration or partitioning (e.g., activated carbon, ion exchange resins, membranes, 
electrocoagulation (EC), precipitation, foam fractionation, concentrator, electrodialysis reversal 
(EDR). A residual with leachate concentrate is produced that requires final disposal. The 
leachate constituents are concentrated and not destructed. 

2. Destruction Technologies: These technologies remove constituents from the liquid stream via 
biological, chemical, or thermal reactions that alter the molecular structures of the constituent of 
interest. Example technologies include aerobic or anaerobic biological treatment, advanced 
oxidation processes (AOP), electrochemical oxidation (EO), or incineration. 

Within each of these broad categories there are a plethora of technologies variants with a smaller 
subset demonstrated for leachate treatment with efficacy for treatment of typical leachate 
constituents such as biochemical oxygen demand (BOD), chemical oxygen demand (COD), metals, 
volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs), pharmaceuticals and 
personal care products (PPCPs), PFAS, nitrogen compounds, and 1,4-Dioxane. Due to the diverse 
suite of constituents found in leachate, multiple technologies may be required to achieve a particular 
set of treatment requirements (depending on concentration targets). 
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Technologies found to be effective for treating leachate include: 
• Biological treatment: Particularly SBRs, MBBRs, and MBRs for organics and nitrogen  
• Chemical precipitation: primarily for metals 
• Membranes: ultrafiltration (UF), nanofiltration (NF), reverse osmosis (RO) for solids, colloids, 

salts, organics, metals, and virtually all other constituents. Specific membrane type depends on 
target constituents 

• Electrochemical oxidation: ammonia and COD/BOD 
• Activated carbon: trace organics and PFAS 
• IX resins: ammonia, metals and other inorganics, and PFAS. 
• Concentrator: Volume reduction of leachate or concentrates 

It is important to note that adequate leachate storage and equalization are critical to the operation 
of any of the processes noted above. Both flow and concentration dampening through equalization 
are needed to maintain consistent performance (effluent quality) and to avoid oversizing of the 
treatment process to manage temporary fluctuations in volume and concentrations of constituents. 
The site currently has a 438,000-gallon leachate storage tank and plans to install a second identical 
tank. These two tanks would provide up to approximately 18 days of storage at a daily leachate flow 
of 50,000 gallons per day (gpd). Equalization residence time would be approximately five days if the 
tanks are operated at a 30 percent full operating level. This volume provides adequate flow and 
concentration dampening based on experience with other leachate treatment facilities. 

Future leachate flows are projected to increase to approximately 100,000 gpd with peak wet 
weather flows potentially approaching 1.0 million gallons per day (MGD). Future average conditions 
would result in approximately 9 days of storage (2.5 days if tanks are operated at 30 percent full). 
This is marginal for typical operations and additional tankage may be needed in the future. During a 
wet weather event, a combination of storage and disposal will be required to mitigate leachate 
retention within the landfill. However, it is typical that landfill leachate retention occurs for short 
durations during transient wet weather events. Approaches to mitigate leachate production have 
been successfully implemented at the site and should be aggressively applied in the future. 

1.1 Report Organization 
This Report is organized as follows: 
• Section 2: Emerging Contaminants 
• Section 3: Applicable Treatment Technologies 
• Section 4: Technology Application for Disposal Options 
• Section 5: Leachate Concentrate 
• Section 6: Class 5 Opinion of Probable Capital Cost and O&M Cost Comparison 
• Section 7: Results 
• Section 8: References 
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Section 2 

Emerging Contaminants 
As the terminology implies, emerging contaminants are those that traditionally have not been 
regulated and have not required treatment. Regulators are in the process of establishing rulemaking 
to potentially regulate emerging contaminants due to concerns regarding potential impacts to human 
health and the environment. Current examples relevant to leachate include PFAS compounds 
(particularly perfluorooctanoic acid [PFOA] and perfluorooctanesulfonic acid [PFOS]), 1,4-Dioxane, 
and PPCPs. PFAS and 1,4-Dioxane have been identified as present in various leachate samples 
nationally; as have PPCPs. Thus far, no regulatory limits or goals for PPCPs have been established 
while the United States Environmental Protection Agency and individual states have established 
health advisories and action limits for PFAS and 1,4-Dioxane. 

Of special interest and focus for this evaluation is PFAS (i.e., PFOA and PFOS). Vermont has 
established health advisories for five PFAS compounds (PFOA, PFOS, perfluorononanoic acid [PFNA], 
perfluorohexane sulfonate [PFHxS], and perfluoroheptanoic acid [PFHpA] at 20 nanograms/liter 
[ng/L]) and preventive action levels (PAL) of 10 ng/L. There are thousands of PFAS compounds, as 
well as related compounds such as Gen-X, that are under evaluation by regulators. 

As with typical leachate constituents, technologies that are applicable for removal of emerging 
contaminants are either concentrating or destructive in their mechanism for removal. The primary 
focus for research conducted on PFAS removal has been on comparatively clean liquid matrices 
(compared to leachate) such as drinking water and groundwater due to their potential for human 
contact and ingestion. There is limited information available regarding treatment of PFAS in a 
complex matrix such as leachate. Many of the advanced technologies that have been applied, or are 
in the research stage, for treatment of PFAS in groundwater or drinking water are not directly 
applicable to leachate due to the presence of interfering constituents (e.g., solids, COD, salts, 
metals) that are not present in a clean matrix. Pretreatment of leachate can be applied to improve 
the efficacy of technologies targeting PFAS. 

Given the objective of identifying treatment systems to comply with various disposal option treatment 
requirements, the universe of available technologies for removal of typical leachate constituents as 
well as emerging contaminants can be reduced to those that have been proven for treatment of 
leachate and those that have been proven for emerging contaminant (particularly PFAS) removal and 
that are compatible with either raw or pretreated leachate and are at a maturity level for full-scale 
implementation. Examples of technologies that have been identified for potential removal of PFAS 
that were not considered for this application due to the level of technology maturity or incompatibility 
with leachate include: 
• Foam fractionation - Not demonstrated with leachate or PFAS treatment to low parts per trillion 

(ppt) concentrations 
• Immobilized fungi degradation of PFAS - Not demonstrated with leachate or PFAS treatment to 

low ppt concentrations 
• Direct treatment with GAC - GAC fouling and premature breakthrough 
• Biochar adsorption - Less effective than GAC or resins, non-regenerable 
• Direct treatment with IX resins - Resin fouling and premature breakthrough 



Casella NEWSVT Landfill – Conceptual Leachate Treatment Scoping Study Section 2 

 

 
2-2 

P:\Casella_Waste\152990_NEWSVT_Leachate_Evaluation\008 Final VTANR Report\Consolidated\Final 101119\CLT101119(conc_leach_trtmnt_stdy).docx 

• Boron-Doped Diamond (BDD) anode EO - Not demonstrated with leachate nor at full scale; 
Anode production challenges 

• Titanium Dioxide anode EO - Not demonstrated with leachate nor at full scale; Anode production 
challenges 

• EC - PFAS removal not demonstrated with leachate 
• Sonolysis - Not demonstrated with leachate nor at full scale. 
• AOP - Not applicable due to high concentrations of competing oxidizable organic material in 

leachate coupled with limited proven effectiveness on PFAS compounds; By-product formation 
such as perchlorate and bromate. 

• Reductive defluorination - Not applicable due to high concentrations of competing organic 
material in leachate coupled with limited proven effectiveness on PFAS compounds 

• Anaerobic defluorination - Not demonstrated with leachate or proven to be effective with PFAS 
compounds 

• Carbon nanotubes - Not proven with leachate and not commercially available 
• Thermal distillation - Not proven with leachate or for PFAS removal 
• Plasma arc thermal destruction - High energy, not suitable for high volumes, not commercially 

proven 
• Incineration - Not feasible for significant volumes of leachate. Air emission issues; Hydrofluoric 

acid and other by-products formation in emissions; Requires up to 30-minute contact time at 
>1,000 degrees Celsius for destruction. 

• Electrodialysis - Not demonstrated with leachate for PFAS removal  

 

 



 

 

 
3-1 

P:\Casella_Waste\152990_NEWSVT_Leachate_Evaluation\008 Final VTANR Report\Consolidated\Final 101119\CLT101119(conc_leach_trtmnt_stdy).docx 

Section 3 

Applicable Treatment Technologies 
This Section summarizes the list of treatment technologies that have been identified as applicable 
for leachate treatment. Table 1 presents information on technology suppliers that were contacted. 
Table 2 present a comparison of the leachate treatment technologies. 

3.1 Membrane Bioreactor (MBR) 
The MBR process consists of a standard activated sludge configuration except that a UF membrane 
is used for solids/liquid separation rather than gravity separation using a clarifier. Biomass 
(microorganisms) are used to biodegrade organic components in the leachate. Inorganics such as 
nitrogen, phosphorus, and metals, are removed via sorption or through biological nitrification of 
ammonia. The biomass is continually recirculated in the system and excess biomass is periodically 
removed (wasted) for disposal as a sludge. The system operates aerobically. The UF membranes 
prevent suspended solids and biomass from passing through to the effluent, thus producing a 
high-quality effluent that is suitable for further treatment via physical–chemical processes. The MBR 
can operate at higher (two to three times) biomass concentrations as compared to conventional 
activated sludge or SBR systems. MBRs have been used successfully in numerous leachate 
applications. Biological treatment will have little impact on removal of PFAS compounds as they are 
essentially non-biodegradable. There may be some removal via sorption to biomass. However, 
aerobic treatment will result in oxidation of PFAS precursor compounds which may otherwise pass 
through other technologies. Effluent concentrations of PFOA and PFOS have been higher than 
influent concentrations in POTWs in some instances due to transformation of precursor compounds 
through aerobic biological treatment. The MBR process is considered a potential technology for 
either a DSW or pretreatment disposal option when coupled with other technologies targeted 
towards PFAS removal. 

3.2 Granular Activated Carbon (GAC) 
GAC is a proven technology for removal of organic compounds in wastewater. Note that some 
inorganics, such as heavy metals, may also be removed incidentally. GAC removes constituents 
through adsorption and is not selective on the constituents removed. GAC is established as an 
effective technology for removal of PFAS (particularly long-chain compounds such as PFOA and 
PFOS). GAC is less effective for short-chain PFAS compounds (e.g., less than six carbon atoms). PFAS 
removal efficiency and the rate of carbon usage are impacted by other constituents (e.g., COD) that 
compete for adsorption sites. GAC is not suitable for direct treatment of raw leachate due to the high 
concentration of organic material present in leachate that would reduce adsorption efficiency of 
PFAS and other emerging constituents that are present at comparatively low concentrations. 
Additionally, the high organic content of raw leachate will quickly exhaust available adsorption 
capacity resulting in frequent carbon replacement.  GAC is suitable only as a polishing step after 
pretreatment for removal of organic material.  The GAC must be replaced when capacity is 
exhausted. Batch isotherm testing was conducted on POTW effluents from Montpelier and Newport 
to estimate the carbon usage rate and costs for GAC polishing of POTW effluent for PFAS removal 
(see Appendix D).  Expected GAC usage (and associated costs) are based on testing of only a single 
sample from each POTW (Montpelier and Newport) and are therefore subject to significant 
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wastewater and leachate variability and uncertainty for long-term operations. The exhausted GAC 
can either be disposed onsite or off-site or reactivated off-site. The thermal regeneration process 
results in PFAS destruction if conducted at temperatures of approximately 1,000 degrees Celsius or 
higher (1,300 degrees Celsius has been reported). Thermal regeneration byproducts are of 
continued interest and concern and require further investigation. Research is ongoing regarding the 
required conditions for destruction and the potential for generation of combustion byproducts. 
Pretreatment prior to GAC could consist of biological processes (e.g., MBR or activated sludge), RO, 
or EO. GAC is suitable as an effluent polishing process for POTW effluent but would also likely require 
a pre-filtration process to prevent fouling. 

3.3 Ion Exchange (IX) Resins 
IX resins function by preferentially exchanging anions or cations (depending on the resin) for target 
compounds. Resins tailored to PFAS removal are anion exchange type. Resin adsorption capacity for 
PFAS can be reduced by other competing anions such as chloride and sulfate that are found in 
leachate at elevated concentrations. Depending on the resin, the exhausted media may be 
regenerated, or the exhausted resin may be disposed. If regenerated, the regenerate solution 
containing the target constituents must be disposed. The target constituent concentrations in the 
regenerate are typically 20 to 100 times those in the wastewater applied to the resin; thus, the resin 
serves to only concentrate leachate constituents. Some resins are intended for single use and are 
disposed and replaced after capacity is exhausted. Resin disposal may consist of incineration or 
stabilization and placement in a landfill. 

Resins have been developed that specifically target PFAS compounds and have greater adsorption 
capacity (approximately 10 times that of GAC) compared to GAC along with higher media cost. Resins 
are also adversely impacted by dissolved ions. As with GAC, these resins are intended for 
comparatively clean wastewaters to avoid fouling and therefore are only applicable for final polishing 
after significant pretreatment to remove other constituents that interfere with resin functions. Resins 
developed for PFAS removal are more typically single use type and are disposed after adsorption 
capacity is exhausted although regenerable resins are available. The regenerate solution containing 
the PFAS that is desorbed from the resin would require final disposal. Resins can be used effectively 
on effluent from GAC to further reduce PFAS concentrations and can be more effective on short 
chain compounds. 

3.4 Ultrafiltration (UF) 
UF can be operated as a standalone process as well as part of an MBR system. In a standalone 
configuration the UF serves to remove solids and some larger molecular weight organic material 
(e.g., oils and grease) that may interfere with downstream systems such as RO, GAC, or IX. The UF 
system results in a leachate concentrate stream that requires disposal in this configuration. As part 
of an MBR process, UF provides solids/liquid separation in lieu of a gravity clarifier.  The UF would 
not remove PFAS, ammonia, COD, VOCs, SVOCs, metals, or other emerging compounds other than 
those sorbed to solids but is applicable as a pretreatment step prior to other advanced processes or 
as part of an MBR system.  Conventional RO can be used directly following UF without additional 
pretreatment. 

3.5 Reverse Osmosis (RO) 
RO is a separation (filtration) process that uses a membrane to separate and concentrate 
constituents at the molecular level from water via high pressure. RO is effective at removing PFAS 
and most other leachate constituents by concentrating contaminants into a side-stream that must be 
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subsequently managed (e.g., via destruction or sequestration of contaminants). RO has reduced 
efficacy with lower molecular weight compounds such as VOCs and short chain PFAS. In most cases, 
RO requires a very clean influent to prevent membrane fouling. In a leachate application, 
conventional RO membranes (e.g., spiral wound) require prefiltration by UF, and perhaps NF, as well 
as removal of most organic material to reduce/prevent fouling. As such, conventional membranes 
are suitable as a final polishing step only when coupled with other technologies for pretreatment 
such as MBR. Conventional RO has been used successfully with pretreated leachate (e.g., after MBR) 
with a typical leachate concentrate volume of 30 percent of the feed volume. Thus, the leachate 
concentrate has about three times the concentration of constituents of the RO influent and must be 
disposed. Conventional RO has been shown to remove PFAS to below about 5 ng/L and in some 
cases below detection limits (less than 2 ng/L) but effluent (permeate) concentrations vary 
depending on the specific compound and overall liquid matrix characteristics.  Permeate 
concentrations are dependent, in part, on influent concentrations since compound rejection 
percentage is relatively constant. Hence, increased influent concentrations result in increased 
effluent concentrations although the percent removal is similar. Accordingly, it is important that 
constituents in the RO leachate concentrate be effectively sequestered prior to disposal to avoid re-
entrainment into the leachate and subsequent increases in raw leachate concentrations if the 
leachate concentrate is to be placed back in the landfill for disposal.  

A variant of RO is NF, which is often termed a “loose” RO membrane (i.e., with slightly larger pores). 
NF has been shown to partially (approximately 90-99%) remove long-chain PFAS compounds (e.g., 
PFOA/PFOS) but is less effective with lower molecular weight long-chain compounds and short-chain 
compounds. The removal efficiency of PFOA/PFOS is also less than RO which may make this 
technology applicable for pretreatment disposal options although it may not address future 
regulatory requirements satisfactorily. It would likely not be efficient at removal of 1,4-dioxane as 
compared to RO but may remove some PPCPs (those with high molecular weights).  

A different RO configuration is offered by Rochem Americas (Rochem) that has been demonstrated 
to operate effectively on raw leachate (with preliminary filtration at 10 microns [µm]). The Rochem 
system uses an alternative membrane construction with a high crossflow velocity to reduce fouling 
coupled with higher operating pressures than conventional membranes (up to about 1,800 pounds 
per square inch). Rochem reports achieving PFAS concentrations for a broad list of PFAS 
compounds, including those detected at NEWSVT, to below detection limits (less than 2 ng/L) in raw 
leachate applications using a two-stage system (>99.9% removal). Removals to about 5 ng/L can be 
achieved with a single stage system. Rochem also offers a three-stage system that improves 
permeate recovery, thus potentially reducing leachate concentrate to approximately 12-15 percent 
of RO feed volume. 

3.6 Electrochemical Oxidation (EO) 
EO utilizes an electric charge distributed to the leachate via submerged anodes and cathodes and 
addition of oxidizing agents or catalysts to produce hydroxyl radicals, and to change the chemical 
structure of constituents (loss of electrons in one chemical, to create a gain of electrons in another), 
ozone, and hydrogen peroxide. These oxidizing species mineralize organic and some inorganic (e.g., 
ammonia) species. The process may serve as part of an overall treatment train for pretreatment prior 
to advanced processes targeting PFAS or other emerging contaminants. EC has generally not been 
demonstrated to provide significant and sustainable removal of PFAS in a complex matrix at large 
scale. Complex anode formulations (e.g., BDD) have shown promise at bench scale but are not 
demonstrated or available at a commercial level. One supplier (Xogen) claims to achieve high 
removal of organics (e.g., COD) and ammonia in leachate. The EO process may be applicable as a 
pretreatment process upstream of the technologies targeting PFAS. 
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3.7 Electrocoagulation (EC) 
EC is similar to EO in that it uses an electric charge to change the charge properties of dissolved and 
suspended material to allow for agglomeration (coagulation) into solids that can be removed from 
the liquid. An anode and cathode are typically used, and the anode materials can be customized 
depending on the target constituents. EC has not been demonstrated for PFAS removal in leachate 
as a stand-alone process. No oxidizing agents are typically added. EC often precedes EO. 

One supplier (HTX) claims to achieve complete PFAS removal although they also employ GAC as a 
polishing step. Their system also produces a concentrated PFAS residual that requires disposal. 
E2metrix offers an EC unit but does not have data for PFAS removal. This would be considered a 
pretreatment technology upstream of a PFAS removal technology. 

3.8 Concentrator 
Concentrator technology consist of concentrating constituents in the leachate by removal of water 
using thermal processes. The leachate is heated sufficiently to form water vapor which is vented to 
the atmosphere. Some constituents, such as ammonia and VOCs, in the leachate are also partially 
emitted with the water vapor depending on their specific properties. Odor compounds such as 
mercaptans and reduced sulfides may also be emitted. Accordingly, thermal oxidation of 
concentrator emissions is required to eliminate potential odor concerns. Air permitting would be 
required as well. 

At a landfill, energy for heating the leachate can be obtained from waste heat (e.g., from a flare or 
engines used for generation of electricity), directly from combustion of LFG, or alternative fuels such 
as propane, natural gas, or fuel oil. The NEWSVT has up to 900 standard cubic feet per minute 
(SCFM) of excess LFG (approximately 46 percent methane) available that can be used for 
evaporation. Additionally, there are five (5) Cat 3520 engines that can supply waste heat. The LFG 
can also be supplemented with propane to provide adequate heat for the concentration of the 
required liquid volume or for thermal oxidation of air emissions. 

A concentrator technology provided by Heartland Technologies was reviewed as it can operate on 
waste heat. This technology uses indirect combustion heating where LFG is combusted in a flare and 
the combustion product (exhaust) is directed to a concentrator where the volume reduction occurs. 
The concentrator can reduce the leachate volume by approximately 95 percent, resulting in a 20-fold 
increase in constituent concentrations in the resulting leachate concentrate. Assuming the leachate 
concentrate is to be placed back in the landfill, it would likely require sequestration or solidification 
to prevent re-entrainment into the waste mass and leachate.  

Lastly, the concentrator process has the potential to emit constituents to the atmosphere. 
Concentrator technology is widely used for leachate management, and air permitting has not been 
problematic in most jurisdictions. Air emission testing of a concentrator (not by Heartland) evaluated 
non-methane organics, carbon monoxide, nitrogen oxides, arsenic, and total chromium. The reported 
emissions were deemed satisfactory for release without additional air emission controls. The 
combustion product emissions (NOx, CO, SO2) will not be greater than those from the current flare 
unless supplemental fuel (propane) is used. VOC emission will be on the order of 0.7 tons/year at a 
leachate flow of 50,000 gpd. 

Emissions of PFAS has not been determined for leachate concentrators based on a cursory review of 
the literature and discussions with Heartland. Based on the physical properties of PFAS compounds, 
emission rates are expected to be low (e.g., less than one percent of concentrator feed) given their 
low volatility and high solubility in water. However, it is likely some PFAS compounds will be emitted 
and the associated risks should be considered. Also, note that there will be a visible water vapor 
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plume. A thermal oxidation, or similar, process would be required to address potential odor concerns 
as well as other possible emissions (e.g., PFAS and VOCs). Air emission controls will increase CapEx, 
and OpEx costs and operational complexity. 

An alternative concentrator technology (Mechanical Vapor Recompression) that produces a distillate 
could be considered to significantly reduce potential odor and PFAS emissions. However, this 
technology is significantly more complex, is not routinely used on leachate, has a higher cost, does 
not operate on waste heat, and produces a liquid stream that may require additional treatment prior 
to discharge. This technology would likely only be considered in the event that air emission concerns 
could not be resolved with a conventional leachate concentrator. Other innovative technologies such 
as vacuum membrane distillation may be of potential interest but are not proven with a leachate 
concentrate. 
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Section 4 

Technology Application for 
Disposal Options 
This section describes the selected treatment options for each disposal route. 

4.1 Scenario 1 – Discharge to Surface Water 
The DSW disposal scenario requires a high level of treatment for compliance with anticipated 
discharge limits. There are a number of challenges and uncertainties associated with a discharge to 
surface water including: 
• Negative public perception associated with discharge to surface water 
• Permitting approval challenges (National Pollutant Discharge Elimination System, air) 
• No limits established for PFAS 
• Concentrate requires sequestration/solidification or off-site disposal 
• Does not eliminate PFAS at site unless concentrate is disposed off-site via incineration/cement 

kiln/deep well or alternative disposal site 
• Concentrate impact on airspace thus reducing landfill life 
• Air emissions from concentrator (if used), odor concerns  
• Capital and O&M costs 

Based on experience with leachate treatment and the need to achieve a high-quality effluent with 
PFAS concentrations effluent with PFAS concentrations less than 20 ng/L, three treatment options 
have been identified: 
• Option 1a: Standalone RO with GAC (and/or IX) with or without leachate concentrate volume 

reduction  
• Option 1b: MBR plus RO and IX, with or without leachate concentrate volume reduction  
• Option 1c: EO plus UF, RO, and IX, with or without leachate concentrate volume reduction  

The selected treatment trains reflect the need to produce a high-quality effluent suitable for direct 
discharge. Options 1a, 1b, and 1c incorporate RO and Options 1b, and 1c incorporate IX for final 
polishing for PFAS removal. Option 1a consists of a Rochem RO system while Options 1b and 1c 
consist of a conventional RO system due to lower cost compared to the Rochem RO system and 
associated pretreatment. GAC and/or IX is provided for polishing after RO in the event that some 
regulated PFAS compounds and VOCs are not adequately removed by RO alone. IX would be 
incorporated should short-chain PFAS compounds that may not be adequately removed by RO alone 
become regulated in the future since GAC is not as effective on short chain compounds. All the 
options with RO will require a remineralization step to make the final effluent suitable for discharge 
to comply with whole effluent toxicity (WET) limits. Thermal leachate concentration would be provided 
with each alternative to reduce final leachate concentrate volumes and associated 
sequestration/solidification volumes and impacts on the landfill. Thermal concentration would 
include a thermal oxidizer, or similar, for odor mitigation in all cases. 
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To provide additional assurance for continuous compliance, routine monitoring of select operational 
and performance parameters would be conducted. Note that each process employs a “belt and 
suspenders” approach where the primary treatment process is backed up by a secondary process to 
remove constituents that may have not been adequately removed in the primary process. The 
secondary treatment step is selected depending on the type of constituents most likely to pass 
through the primary process. GAC provides removal of a broad spectrum of contaminants (both 
organics, including PFAS, and, to a lesser extent inorganics) while IX is targeted towards PFAS.  

Option 1a. This approach uses the Rochem RO system and does not require biological pretreatment. 
The raw leachate feed would be pumped through inlet strainers to a feed tank. The pH in the feed 
tank would be adjusted to approximately 5.5-6 to optimize ammonia removal. Then, the pH-adjusted 
feed would be processed through media filters and cartridge filters for gross solids removal and to 
minimize membrane fouling. The media filters are installed in parallel with designated retention of 
particles 10 µm and larger. The media filters are backwashed with raw feed and an air scour system 
to minimize the backwash flow. The backwash from the filters is combined with the Rochem RO 
leachate concentrate stream. The cartridge filters are double open-end units constructed of 
propylene and are 20 inches long with a nominal rating of 10 microns and installed in two parallel 
filter housings. Media filter effluent is dosed with an antiscalant to minimize scaling of the 
downstream RO membranes.  

The Rochem RO system would be configured as a three-stage RO unit to minimize leachate 
concentrate volume combining a 1st stage RO to treat the raw leachate, a 3rd stage RO to treat the 
leachate concentrate from the first stage for higher recovery, and a second stage permeate polishing 
system to treat the permeate from the first and third stages for improved quality. A variable 
frequency drive (VFD)-controlled high-pressure positive displacement pump delivers feed flow to the 
feed/leachate concentrate manifold, where recirculation pumps feed parallel banks of RO 
membranes connected in series. It is anticipated that the RO system can achieve a recovery of up to 
approximately 88 percent, which results in a leachate concentrate flow of about 6,000 gpd at a raw 
leachate flow of 50,000 gpd. A leachate concentrate volume of 10,000 gpd (80 percent recovery) 
has been assumed due to unknowns that could impact long-term recovery. The RO leachate 
concentrate from the third stage can be further concentrated by a concentrator followed by 
sequestration/solidification prior to landfill disposal. The concentrator can provide approximately 90-
95 percent volume reduction. Due to the small volume of leachate concentrate, available LFG at the 
site can provide both volume reduction as well as concentrator off-gas combustion for odor 
destruction. 

The RO permeate (from second stage) would be treated through liquid-phase GAC to remove low 
molecular weight compounds such as VOCs and residual PFAS that may pass through the RO 
membranes. IX could be added or substituted for GAC if additional PFAS compound removal was 
required. 

Final effluent undergoes remineralization so that it’s suitable for discharge to comply with WET 
limits. A simple block flow diagram for Option 1a is represented in Figure 1. 
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Figure 1. Block Flow Diagram for Option 1a 

Option 1b. Under this approach, organics such as VOCs are degraded biologically in the MBR system. 
Similarly, other compounds such as BOD and ammonia-nitrogen are treated through the MBR 
system. The MBR system consists of an activated sludge (aerobic) tank and a UF system. The 
aerobic tank is a 100,000-gallon bolted steel tank equipped with a jet aeration system, jet mix 
manifold, nozzles, and two positive displacement blowers. Odors are not typically encountered when 
treating leachate with complete mix biological treatment systems since the contents in the aeration 
tank are the same quality as the effluent (other than biomass solids) due to oxidation and 
biodegradation of contaminants and odor compounds. The tank would be covered for heat 
conservation and the off-gas could be vented to a biofilter for preventative odor control. 

The UF membranes are 8-inch diameter by 4 meters long, tubular-type membranes. Each membrane 
housing contains eight-millimeter (mm) diameter membrane tubes. The unit has three modules 
installed with the ability to add two additional membranes for additional (e.g., future) capacity. UF 
membrane pore sizes between 0.03 to 0.05 µm are commonly used to achieve suspended and 
colloidal solids removal. Mixed liquor would be recirculated through the UF membrane system and 
returned to the aeration tank. Excess sludge would be wasted from the process periodically to 
maintain biomass inventory. The system has a clean-in-place (CIP) system for fouling that 
accumulates in the membrane walls. Typically, CIP cleaning sequences are conducted using an 
acidic solution, an alkaline solution, and sodium hypochlorite. Air-operated diaphragm pumps are 
provided to deliver the cleaning chemicals to the make-down tanks.  

UF permeate would be subsequently treated through a conventional RO system. The RO system 
components include 8-inch diameter RO membranes, pressure vessels, VFD-controlled feed pumps, 
and a CIP system. Conventional RO will result in a leachate concentrate volume of about 30 percent 
of the influent volume, or about 15,000 gpd at a leachate flow of 50,000 gpd. A simple block flow 
diagram for Option 1b is represented in Figure 2. 
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Figure 2. Block Flow Diagram for Option 1b 

Option 1c. Under this approach, Organics are oxidized, and ammonia-nitrogen is destroyed in the EO 
process. Gases resulting from the EO process include hydrogen, oxygen, nitrogen, and carbon 
dioxide. An EC process may be used in conjunction with EO to improve treated water quality. 

A simple block flow diagram for Option 1c is represented in Figure 3. 
 

 
Figure 3. Block Flow Diagram for Option 1c 
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4.2 Scenario 2 – Pretreatment for POTW Disposal 
Three options were identified for pretreatment to reduce PFAS loadings to POTWs. These options 
could be implemented either at the landfill or at a POTW. Adequate space would be required at the 
POTW for the pretreatment system and tank storage. This may limit future POTW expansion or 
upgrades. This scenario has a number of challenges and limitations: 
• Casella would be fully dependent on POTWs for leachate disposal thus limiting the ability to 

control costs 
• Only partial pretreatment for PFAS is practical. Full PFAS treatment results in discharge of clean 

water to the POTW 
• Contract challenges to establish ownership, maintenance and operations responsibilities and 

liabilities 
• Reliance on others for operation (e.g., PFAS pass-through) 
• Long-term commitment requirement 
• Requires continued hauling to POTW and return hauling of concentrate to NEWSVT 
• Potential long lead time for implementation (P3 project) 
• Air emissions from concentrator (if used for residuals) including odor concerns and PFAS 
• Public perception due to air emissions 
• Permitting challenges (air) 
• Concentrate requires sequestration/solidification or off-site disposal 
• Concentrate impact on airspace  
• Does not eliminate PFAS at site unless concentrate disposed off-site via incineration/cement 

kiln/deep well or alternative disposal site) 

If implemented at a POTW the leachate concentrate would be returned to the landfill for final 
processing (e.g., concentrator and/or sequestration/solidification). For purposes of this evaluation, it 
was assumed that pretreatment to achieve a 50 percent reduction in PFAS loadings would be 
required. In practice, the percent reduction can be modified as needed to comply with regulatory or 
other requirements by adjusting treatment process capacity. 
• Option 2a: Standalone RO with or without leachate concentrate volume reduction  
• Option 2b: EO plus UF and RO with or without leachate concentrate volume reduction  
• Option 2c: MBR plus GAC  

Option 2a. This option uses the Rochem NF or RO process to reduce approximately 50 percent of the 
leachate PFAS load. Additional polishing steps, such as IX, could be added if needed for new or more 
stringent limits. The leachate concentrate (3,000 gpd) would be sequestered/solidified for on-site 
disposal. A concentrator could be used to reduce the leachate concentrate volume to approximately 
300 gpd. Due to the small volume of leachate concentrate, available LFG at the site can provide 
both volume reduction as well as concentrator off-gas combustion for odor destruction. 

A simple block flow diagram for Option 2a is represented in Figure 4. 
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Figure 4. Block Flow Diagram for Option 2a 

Option 2b. This option utilizes EO to remove organics and ammonia as well as oxidize PFAS 
precursors. The EO unit would be followed by UF for removal of solids and a final polishing step of 
GAC, IX, or RO depending on the efficacy of PFAS-removal by the EO system. One vendor (HTX) claims 
to remove PFAs to below detection limits with their process (which includes a GAC step). Other EO 
providers do not claim PFAS removal and require effluent polishing for PFAS removal. The system 
would be designed to provide approximately 50 percent removal of PFAS and precursor compounds. 

A simple block flow diagram for Option 2b is represented in Figure 5. 

 
Figure 5. Block Flow Diagram for Option 2b 
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Option 2c. In this process an MBR is used to remove organics and ammonia such that liquid phase 
GAC adsorption capacity is not rapidly consumed by organic material. The MBR will also provide 
oxidation of PFAS precursors such that they are removed and not passed on to the POTW. The GAC 
would provide polishing of organics and target PFAS compounds as well as other non-biodegradable 
emerging contaminants such as 1,4 Dioxane and PPCPs. The IX resin also provides removal of PFAS 
compounds. Waste sludge from the MBR would be dewatered and placed in the landfill. GAC would 
be regenerated off site which would result in destruction of adsorbed PFAS compounds and other 
constituents. IX resin (e.g., single use) would be disposed on site (with sequestration/solidification) 
or off site. 

A simple block flow diagram for Option 2c is represented in Figure 6. 
 

 
Figure 6. Block Flow Diagram for Option 2c 

4.3 Scenario 3 – Zero Liquid Discharge 
Option 3a. The ZLD option would use a concentrator (Heartland Technologies) to reduce leachate 
volume. Leachate concentrate would contain concentrated constituents and would require disposal 
via sequestration/solidification. This Scenario has a number of significant challenges and 
uncertainties: 
• Air emissions concerns (odor, PFAS) and permitting 
• Public perception due to air emissions 
• Requires significant supplemental propane and associated cost 
• Requires siting at energy plant for waste heat utilization 
• High concentrate volume 
• Concentrate requires sequestration/solidification or off-site disposal.  
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• Does not eliminate PFAS at site unless concentrate is disposed off-site via incineration/cement 
kiln/deep well or alternative disposal site 

• Concentrate impact on airspace thus reducing landfill life 
• Insufficient waste heat and LFG for current and future capacity 
• Capital and O&M costs 

The leachate concentrate volume at a leachate flow of 50,000 gpd would be approximately 
2,500 gpd. The leachate concentrate would be solidified using a solidifying agent such as fly ash or 
Portland cement (or other materials developed for PFAS) or otherwise sequestered to prevent 
re-entrainment of PFAS into the landfill mass and leachate. The actual solidification agent for PFAS 
solidification would need to be validated as there is currently no information available.  Non-porous 
geotubes or bulk bags could also be used to sequester the leachate concentrate. Operations would 
require periodic cleaning of certain concentrator components and management of leachate 
concentrate. Supplemental fuel (e.g., propane) may be required for thermal oxidation for odor control 
since the currently available LFG volume of 900 SCFM, is only adequate to concentrate 
approximately 50,000 gpd of leachate if waste heat is not used. 

The concentrator system consists of an enclosed flare, hot gas transfer system and the concentrator 
with a thermal oxidizer. The concentrator would require approximately 843 SCFM of LFG (at 
48 percent methane) to process 50,000 gpd. The Site generates approximately 900 SCFM of excess 
LFG (46 percent methane), which is sufficient to concentrate approximately 50,000 gpd of leachate.  
The concentrator would need to be supplemented with other waste heat or propane gas to treat the 
off-gas via thermal oxidation. The concentrator can reduce the leachate volume by approximately 90-
95 percent, resulting in about 2,500 gpd of leachate concentrate. Assuming the leachate 
concentrate is to be placed back in the landfill, it would likely require sequestration/solidification to 
prevent re-entrainment into waste mass and leachate.  

A simple block flow diagram for Option 3a is represented in Figure 7. 
 

 
Figure 7. Block Flow Diagram for Option 3a 
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4.4 Scenario 4 – POTW Enhancements 
Options 4a and 4b. These options would consist of adding PFAS removal capability at a designated 
POTW that receives leachate from NEWSVT. This approach consolidates PFAS management at 
POTWs rather than the landfill but has a number of challenges and limitations: 
• Limited space for improvements at POTW both near-term for PFAS treatment and long-term for 

other POTW improvements or expansion 
• Casella would be fully dependent on POTWs for leachate disposal thus limiting the ability to 

control costs 
• Contract challenges associated with project funding 
• Reliance on others for compliance (e.g., PFAS pass-through) 
• Long-term commitment for treatment 
• Continued leachate hauling is required 
• Potential long lead time for implementation (P3 project) 
• Requires increased disposal volume allowance from VTDEC. Upgrades are required at either 

Newport or Montpelier to accept all NEWSVT leachate 
• POTWs may become capacity limited in the future 

This would likely consist of filtration and GAC treatment of current POTW effluent for removal of 
PFAS. Exhausted GAC would be reactivated off-site at a temperature sufficient to result in destruction 
of PFAS and other adsorbed constituents. IX effluent polishing may also be required or used in lieu of 
GAC depending on final discharge requirements and POTW effluent quality. IX would either be a 
single use type requiring disposal via incineration or stabilization/landfilling or a regenerable type 
that would produce a regenerate solution requiring similar disposal. GAC was chosen at this time as 
it provides a greater breadth of contaminant adsorption and is not affected by dissolved ions 
commonly found in leachate and domestic wastewater. This approach would also provide removal of 
PFAS not associated with leachate that is present from undefined sources in POTW influent. 

The system would be sized to handle the design average daily POTW flow which results in significant 
CapEx and OpEx costs, although the apportionment of both to NEWSVT could be negotiated. For this 
evaluation we have assumed NEWSVT’s contribution would be the full capital cost and current 
disposal (transportation and disposal) cost. In practice, it is possible that cost sharing with the 
municipality could be negotiated to reduce capital and/or disposal costs. It is not possible to 
estimate these reductions given available information. Option 4a is identified for enhancements to 
the Newport POTW while Option 4b is for enhancements to the Montpelier POTW. 

Contractual arrangements to secure long-term disposal rights and competitive rates would be 
needed to assure the long-term viability of this approach. Our experience is that these negotiations 
can be complex and require an extended time period. This option effectively eliminates the need for 
on-site treatment. 

A simple block flow diagram for Options 4a and 4b is represented in Figure 8. 
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Figure 8. Block Flow Diagram for Options 4a and 4b. 
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Section 5 

Leachate Concentrate 
Due to the refractory nature of PFAS compounds, their removal results in a concentrated product 
that must be managed appropriately to mitigate the potential for re-entrainment to the leachate if 
the material is to be placed back into the landfill. Offsite disposal options for concentrate are limited 
(e.g., incineration, deep well injection, physicochemical destruction, or disposal at another landfill). 
These other disposal options are costly or infeasible as compared to on-site management. 

5.1 Sequestration/Solidification 
Residuals sequestration/solidification is anticipated as a method for improving the ease of handling 
and for mitigating re-entrainment of constituents from leachate concentrate resulting from treatment 
(e.g., RO leachate concentrate, concentrator leachate concentrate, used ion exchange resins, or 
sludges). There are varying anecdotal and published information on the potential for re-entrainment 
of constituents from RO and evaporation leachate concentrate if placed back into the landfill. 
Information suggests that the method of placement of leachate concentrate into the waste mass 
may have a significant impact on re-entrainment. Waste mass composition and the particular 
constituents of interest as well as the composition and characteristics of the concentrate material 
each also are factors. 

There is insufficient information to identify a successful blend of solidification agents as the 
particular blend will depend on specific leachate concentrate characteristics and characteristics of 
the agent(s) (e.g., fly ash or Portland cement) as well as specific leaching characteristics of the 
constituents of interest. Research is underway to develop PFAS specific sequestering agents for 
leachate treatment residuals but commercially proven products are not currently available. 

The report “Disposal of Aqueous Wastes in MSW Landfills, Utilization and Effectiveness of Bulking 
and Stabilization Strategies” (Environmental Research and Education Foundation [EREF], October 
2018) provides helpful information on this topic. For example, fly ash, lime, cement kiln dust, or 
Portland cement are common solidification agents, but effectiveness and proportions can vary 
significantly depending on the chemical composition of the fly ash and the material to be solidified. 
Treatability testing is required to identify the preferred mix of solidification agents and liquid (e.g., 
leachate concentrate). Testing should include evaluation of leaching potential in a landfill 
environment (e.g., toxicity characteristic leaching procedure [TCLP], synthetic precipitation leaching 
procedure [SPLP], or multiple extraction procedure). 

Typical ranges of solidification additives (on a mass basis) reported by EREF are: 
• Portland Cement – 5 to 15 percent 
• Fly ash – 15 to 80 percent 

Testing of different materials and blends would be needed to identify the preferred approach in 
terms of cost, structural aspects, and leaching characteristics. For purposes of this evaluation and 
based on guidance from Casella, we have assumed a cost of $200/ton for materials, blending, and 
disposal in the landfill and to account for lost airspace. 
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The physical solidification process can be conducted in a variety of ways including mixing in a lined 
pit or tank with excavation equipment to processing through a device such as a pug mill. The actual 
method to be employed would be dependent upon NEWSVT preferences. 

However, given the daily volume of leachate concentrates and local weather considerations, we 
recommend a dedicated system to blend the leachate concentrate and solidification materials. A 
duplex pug mill or similar equipment has been assumed. The blended material would be transported 
to the landfill for placement in roll-offs.  

An alternative approach would be to sequester the leachate concentrate in a container such as non-
porous geotubes or supersacks for placement in the landfill. In this way the material would be 
segregated from other waste material and leachate.  

5.1.1 Classification of Final Concentrate Product 
Due to the concentrating nature of several technologies such as RO and concentrators (evaporators), 
concentrations of contaminants in the leachate concentrate are increased by the factor of the 
volume reduction. This can increase concentrations to above hazardous waste regulatory limits 
under the Resource Conservation and Recovery Act. However, the determination of whether the 
leachate concentrates are hazardous is dependent on TCLP results. Note that leachate and 
associated sludges that contain PFAS are exempted as hazardous waste under VT 7-203(cc). Arsenic 
concentrations in leachate concentrate that would be solidified/sequestered could possibly be 
above the regulatory limit of 5 mg/L based on the projected average influent leachate arsenic 
concentration of 0.66 mg/L, depending on the factor of concentration. However, hazardous 
classification is based on the TCLP results rather than the concentration in the residual material. 
Solidification, as described previously, would be conducted to stabilize materials such as arsenic, 
PFAS and other compounds prior to TCLP analysis and transportation to the landfill. Sequestration as 
noted above would be an alternate approach applied if the leachate concentrate passed the TCLP 
test. It should be noted that there is no published information on full-scale immobilization of PFAS 
compounds in leachate concentrate or through solidification although it is known that research in 
this regard is underway with successful results reported anecdotally. 

5.1.2 Potential Regulatory Requirements 
If the concentrate/residue is shown to be a hazardous waste, the facility will be classified as a 
generator of hazardous waste and will need to conform to certain portions of the federal and 
Vermont hazardous waste regulations, including the generator regulations at 40 CFR 262.  
Section 262 incorporates some portions of the Standards for Owners and Operators of Hazardous 
Waste Treatment, Storage, and Disposal Facilities (40 CFR 264).  Portions of those rules that will be 
most applicable are design and operation of short-term storage and treatment units.  On-ground 
tanks are recommended (see 40 CFR 260 for definition).  Note that there is an exclusion from 
40 CFR 264 for totally enclosed treatment facilities at 40 CFR 264(g)(5) which may be applicable to 
Casella. Solidified material that is in conformance with regulations would be disposed of in the 
landfill. As an alternate approach, sequestered material would be exempt from the hazardous waste 
regulations as per VT 7-203(cc) and would be transported to the landfill. 
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Section 6 

Class 5 Opinion of Probable Capital 
Cost and O&M Cost Comparison 
A planning level capital cost opinion was developed for the preferred on- and off-site options 
described in Section 4. These consisted of Options 1a, 2a, 3a, 4a, and 4b. These options were 
selected based on an evaluation of risks, benefits, and limitations. This capital cost opinion is 
considered an AACE International Class 5 estimate. A Class 5 estimate is performed when 
engineering is conceptual and is used to prepare planning level cost scopes or to evaluate 
alternatives in design conditions. The expected accuracy for a Class 5 estimate typically ranges 
from -50 percent to +100 percent but may have a lower range given the extent of cost and project 
definition. Several major assumptions have been made for the development of the cost estimate and 
are listed below: 
• Site is the existing NEWSVT Landfill site located in Coventry, Vermont. 
• Cost associated with additional equalization (EQ) Tank(s) is not included. 
• Cost is based on a design flow of 50,000 gpd. Does not include additional equipment for future 

projected flow (Phase VI expansion). 
• Costs do not include a sewer discharge line for on-site pretreatment options. 
• Cost does not include yard piping from EQ Tanks to the future on-site leachate treatment plant 

(LTP) building, and from LTP building to surface water discharge point.  
• Cost does not include working capital investment. 
• Site will not need to be cleared and no significant site preparation is required (e.g., major 

earthwork, blasting, dewatering, or stormwater management).  
• Site has adequate space for construction, staging, and lay-down, and no off-site storage is 

required.  
• Non-unionized local labor and contractor are assumed. Prevailing union wage rates are not 

applicable.  
• Contractor performs work during normal daylight hours, Monday through Friday, and in normal 

eight-hour shifts. No allowance has been included for night or weekend work.  
• Contractor markup is based on conventionally accepted values.  
• Site has sufficient electrical power for new process equipment. Additional power distribution or 

transformers are outside the scope of this estimate.  
• Existing area has sufficient structural integrity to accommodate new process equipment (e.g., no 

piling or special subsurface improvements required).  
• Process equipment pricing is based on budgetary vendor quotes. Quotes have not been 

collected for all equipment at this conceptual stage, and prices for these items (not supported by 
vendor quotes) are based on prices factored from previous projects.  

• GAC usage costs for Options 4a and 4b are based on estimates of 160,000 and 300,000 
pounds of media usage per year, respectively (based on $2 per pound including media fill and 
spent media reactivation). This usage is based on results of carbon isotherm testing conducted 
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on one sample each of Montpelier and Newport effluents (Appendix D). Carbon isotherm testing 
provides an approximation of carbon usage but is subject to error given it is a batch test 
conducted on a single sample. More sophisticated testing is required to refine carbon usage and 
reflect typical wastewater variability that will be encountered over long-term operation. 

• Propane gas usage cost based on $2.50 per gallon for options with concentrators where 
insufficient LFG is available. All concentrators assumed to use thermal oxidation for odor 
destruction. 

• Onsite pretreatment Option 2a and Offsite option 4b include T&D cost of pretreated liquids to 
the Montpelier and Newport POTW. Both facilities would need upgrades to allow treatment of all 
the current and future leachate volume produced by the site (50,000 gpd and 100,000 gpd, 
respectively, see Appendices D and E)  

The following allowances were made in the development of this estimate for known but undefined 
work: 
• Purchased equipment installation (6 to 14 percent of total equipment cost) 
• Instrumentation and controls equipment and installation (20 to 36 percent of total equipment 

cost) 
• Process piping (16 to 40 percent of total equipment cost) 
• Electrical systems and installation (15 to 35 percent of total equipment cost) 
• Pre-engineered metal building for treatment and electrical equipment; and concrete 

slab-on-grade for outdoor equipment (e.g., concentrator) 
• Structural (e.g., building foundations and footings, housekeeping pads, pipe supports, stairs) 

(18 to 25 percent of total equipment cost) 
• Site civil work (5 to 10 percent of total equipment cost) 
• Service utility piping and installation (20 to 50 percent of total equipment cost) 

The following exclusions were assumed in the development of this estimate: 
• Hazardous materials remediation or disposal  
• Utility agency costs for incoming power modifications  
• Permits beyond those normally needed for this type of project and project conditions. Site 

planning and/or zoning approvals not included.  
• Costs associated with production shutdowns required to complete the work, if any  
• Consumables and laboratory equipment  

To the extent the assumptions and exclusions noted above are correct, we would expect that the 
cost opinion will range from -20 percent to +100 percent. BC’s cost opinion of pretreatment options 
capital cost, including contingency, and cost opinion for annual O&M costs are summarized in 
Table 3. 

Construction cost estimates, financial analyses, and feasibility projections are subject to many 
influences including, but not limited to, price of labor and materials, unknown or latent conditions of 
existing equipment or structures, and time or quality of performance by third parties. Such influences 
may not be precisely forecasted and are beyond the control of BC. Actual costs incurred may vary 
from the estimate prepared by BC based on these conditions and influences beyond our control. BC 
does not warrant or guarantee the accuracy of construction or development cost estimates.  
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Section 7 

Evaluation Results 
Budgetary quotes were obtained from 10 vendors for equipment as described previously. Based on 
this information, conceptual designs were assembled reflecting the treatment train alternatives 
discussed in Section 4. Each treatment train was then evaluated resulting in a combined weighted 
ranking as shown in Table 4. The rating considerations and weighting factors were reviewed with 
Casella for alignment with corporate and project objectives. Each treatment train alternative was 
rated by BC based on experience and information provided by each vendor. The ranking system 
above should be interpreted as a guide but does not necessarily reflect the full granularity that is 
required for final selection. Also, note that the ranking system represents averages, and that items or 
options with higher risk potential can have a wider range of scores and those with lower risk can 
have a narrower range of scores. The ratings were structured such that lower rankings were 
preferred. The ranking process is based on currently available information and is subject to 
considerable potential variability due to the current uncertainty regarding PFAS regulations and other 
subjective factors and unknowns. 

Based on the weighted ratings, the Scenario 1 DSW Option 1a (RO plus GAC with concentrator plus 
emissions control), Scenario 3 ZLD Option 3a (concentration plus emissions control) were the 
preferred on-site options with ratings of 120 and 124 respectively. Note that Scenario 2 Option 2a 
can be located at the site or the POTW. Together with Option 2a, Scenario 4 Options 4a and 4b are 
the preferred off-site options with a rating of 132 for Option 2a and 109 for Options 4a and 4b. 
Option 2a is preferred over Option 2c due to significantly lower long-term cost. 

The evaluation considered multiple cost and non-cost factors to identify the two preferred on-site 
options and two preferred off-site options. For on-site treatment, discharge to surface water after 
treatment via RO offers the best overall rating but has a higher CapEx cost compared to the ZLD 
option however the OpEx costs are significantly lower providing much lower long-term costs and 
better value. There may be permitting challenges with the DSW approach that may delay 
implementation without focused VTDEC support.  

For off-site options, the approach of continuing hauling to either Newport or Montpelier POTWs and 
upgrading their facility (one or the other) is attractive given CapEx costs and the potential for cost 
sharing. OpEx costs may be more significant due to hauling and disposal fees. It is foreseeable that 
more favorable disposal rates could be negotiated, however, transportation costs would likely not be 
reduced as they are volume and distance based. Upgrades at a POTW is also attractive in that non-
landfill sources of PFAS are also treated thus providing a greater overall environmental benefit. 
Additionally, the recovered PFAS would be expected to be destroyed when the GAC media is 
regenerated. 
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Introduction 
This technical memorandum (TM) summarizes regulatory requirements in Vermont for potential leachate 
management approaches at Casella’s New England Waste Systems landfill in Coventry, Vermont (NEWSVT).  
These include permit requirements for pretreatment, direct discharge to surface water and air permitting for 
on-site treatment options.  We have also included an outlook on the current regulatory landscape for 
emerging contaminants and potential impacts on regulatory permits.  The outlook is a general overview of 
current trends and is not meant to be fully predictive, nor have we conducted an exhaustive review of all 
regulatory actions.  This TM was prepared under Task 3 of the scope of work. 

The following key points summarize the detailed discussion herein: 
• Per- and polyfluoroalkyl substances (PFAS) and 1,4-dioxane are currently of high interest to federal and 

state regulators. Much of this focus is on drinking water and contamination of drinking water sources. 
Some states have established surface water quality limits for these compounds. 

• Vermont has established health advisories for PFAS in drinking water, similar to other states in the 
Northeast and nationwide. These advisories are more stringent than the current federal advisory. Select 
states (New Hampshire and New York) are looking at establishing maximum contaminant levels (MCLs) 
in drinking water, which are enforceable standards. 

• Many states have established groundwater or drinking water guidelines for 1,4-dioxane, Vermont has a 
health advisory of 300 ppt.  New Jersey and New York are looking at establishing an MCL for 1,4-
dioxane. 

• Few states have established surface water quality standards (SWQS) for PFAS or 1,4-dioxane. Although 
Vermont does not have an established SWQS for PFAS, the Vermont Department of Environmental 
Conservation (VTDEC) has referenced Minnesota SWQS for PFOA and PFOS in presentations and 
correspondence regarding NEWSVT.  VTDEC has indicated that it is evaluating a SWQS for PFOA and 
PFOS.  Vermont does not have a SWQS for 1,4-dioxane. 

• VTDEC will likely include limits for PFOA, PFOS and select metals, such as arsenic, in a renewed 
pretreatment permit. 

• VTDEC will likely require that an effluent discharge to the Black River under a National Pollutant 
Discharge Elimination System (NPDES) permit meet SWQS at end of pipe.  The Black River is a high-
quality waterbody, where no dilution is allowed per Vermont regulations.  However, this may be 
negotiable.  Permit limits will likely be included for general chemistry, metals, volatile organic 
compounds, semi-volatile organic compounds, pesticides, PCBs, phosphorus, PFOS, PFOA and effluent 
toxicity.  The NPDES permit application will be considered high-profile and will include multiple public 
meetings. 

• The existing Title V air permit may require modification depending on on-site treatment. Treatment 
processes for direct discharge to surface water do not typically require an air permit modification based 
on our experience.  Evaporation technology may trigger air emissions monitoring and perhaps control 
requirements for odors based on vendor experience.   
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Section 1: Outlook on Regulatory Environment for PFAS and 
Other Emerging Contaminants  
The USEPA Contaminant Candidate List (CCL) is a list of contaminants that are currently not subject to any 
proposed or promulgated national primary drinking water regulations but are known or anticipated to occur 
in public water systems.  Contaminants listed on the CCL may require future regulation under the Safe 
Drinking Water Act (SDWA).  The Final CCL 4 includes 97 chemicals or chemical groups.  The list includes, 
among others, chemicals used in commerce, pesticides, disinfection byproducts and pharmaceuticals.  Of 
particular current interest on this list are PFOA, PFOS, and 1,4-dioxane.  Many of the other compounds on 
the list including pharmaceuticals and insecticides may be present in leachate as well although they are 
typically not analyzed for. 

It is important to note that inclusion on the CCL list does not mean regulation is imminent.  At least five 
compounds are selected from the list and a determination made as to whether regulation is required.  If 
regulation is determined as not required, the compound is removed from the CCL list.  If regulation is 
required, the regulatory process for establishing limits is initiated.  Note that limits are for drinking water and 
not for wastewater discharges (although drinking water standards may be used as a basis for establishing 
discharge limits in some cases).  Compounds not selected for evaluation remain on the CCL for future 
consideration.  The CCL is updated every five years. 

The VTDEC is looking closely at PFAS, as Casella is aware.  States often look to federal standards or other 
states for guidance before determining their own standards.  The federal health advisory for total PFOA and 
PFOS in drinking water is 70 parts per trillion (ppt).  The VTDEC recently established a total advisory level of 
20 ppt for five PFAS (PFHpA, PFHxS, PFNA, PFOA, and PFOS) in drinking water.  Connecticut and 
Massachusetts each have an advisory level of 70 ppt for the same five PFAS compounds.  Advisory levels 
are not enforceable or regulatory, but instead provide guidance for agencies to take further action (e.g., 
monitoring, point-of-use treatment, etc.).  In December 2018, the New York State Drinking Water Quality 
Board (DWQB) recommended MCLs of 10 ppt each for PFOA and PFOS.  New Hampshire is proposing to 
establish MCLs and Ambient Groundwater Quality Standards (AGQS) of 38 ppt for PFOA, 70 ppt for PFOS, 70 
ppt for total PFOA and PFOS (based on federal health advisory), and 85 ppt for PFHxS, and 23 ppt for PFNA.  
New Hampshire state law requires that AGQS be the same or more stringent than federal or health advisory 
under the Safe Drinking Water Act (SDWA).  Thus, PFAS compounds are a significant focus for state health 
and environmental agencies in the Northeast (and nationwide) and could eventually include next generation 
PFAS (e.g., Gen-X, ADOVA, fluorotelomers, etc.) and PFAS precursors.  There are thousands of PFAS 
compounds and there is ongoing work to understand their environmental and health-based risks. It is 
unclear at this time as to whether any additional compounds will be regulated.  Many states are 
implementing monitoring programs to track sources, distribution, and variability of PFAS.  The Interstate 
Technology Regulatory Council (ITRC) issues a fact sheet (Table 4-1) containing standards and guidance 
values for PFAS in groundwater, drinking water, and surface water, which is included in Attachment A. ITRC 
updates Table 4-1 periodically as the guidance values are subject to change. The updates to Table 4-1 are 
also included in Attachment A.   

Some states have established SWQS for PFAS; no federal standard currently exists.  Table 1 summarizes 
known state surface water standards for PFAS.  Note that these are in-stream concentrations and impacted 
waters may have lower discharge limits depending on background concentrations.  Supporting documents 
are included in Attachment B. 
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Table 1.  State Surface Water Quality Standards for PFAS 

State PFOA (ppt) PFOS (ppt) 

Michigan (Drinking Water Sources) 420 11 

Michigan (Non-Drinking Water Sources) 12,000 12 

Minnesota 610 6.1 

The values shown for Minnesota are the most stringent of site-specific criteria for Lake Calhoun and the 
Mississippi River.  VTDEC has indicated it is “coordinating with other regulatory agencies” regarding a 
surface water standard for PFAS1.  SWQS will have a direct impact on discharges to surface water, whether 
via publicly owned treatment works (POTWs) or direct discharge from industrial or commercial dischargers, 
since they are used in determining limits in NPDES permits. 

Vermont is focusing on other emerging contaminants (EC) in drinking water in addition to PFAS, such as 
1,4-dioxane, 1,2,3-trichloropropane, pharmaceuticals, and personal care products.  The Vermont 
Department of Health has advisory levels (Vermont Health Advisories, or VHAs) for ECs, which can be applied 
as limits to drinking water sources under Vermont’s Water Supply Rule (Chapter 21 of the VWSR, 2010).  
Table 2 shows VHAs for select ECs. 
 

Table 2.  Vermont Health Advisory Levels for Emerging Contaminants 

Compound Advisory Level (ppt) 

1,4-Dioxane 300 

1,2,3-Trichloropropane 20 

PFHpA 20* 

PFHxA 20* 

PFNA 20* 

PFOA 20* 

PFOS 20* 

* Total PFAS limit is 20 ppt. 

In December 2018, the New York State DWQB proposed establishing an MCL of 1,000 ppt for 1,4-dioxane.  
New Jersey is looking at establishing an MCL for 1,4-dioxane in drinking water.  The state published notice 
on December 21, 2018 seeking public input for information on health effects, analysis, and treatment to aid 
in development of the MCL.  

Other states have established drinking water and groundwater guidelines for 1,4-dioxane, as presented in 
Table 3 below. 
 
  

                                                      

 
1 Per Public Education Meeting Presentation prepared by VTDEC dated November 27, 2018. 
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Table 3.  State Guidelines for 1,4-dioxane 

State Guideline (µg/L) Source 

Alaska 77 AL DEC 2016 

California 1.0 Cal/EPA 2011 

Colorado 0.35 CDPHE 2017 

Connecticut 3.0 CTDPH 2013 

Delaware 6.0 DE DNR 1999 

Florida 3.2 FDEP 2005 

Indiana 7.8 IDEM 2015 

Maine 4.0 MEDEP 2016 

Massachusetts 0.3 MADEP 2004 

Mississippi 6.09 MS DEQ 2002 

New Hampshire 0.25 NH DES 2011 

New Jersey 0.4 NJDEP 2015 

North Caroline 3.0 NCDENR 2015 

Pennsylvania 6.4 PADEP 2011 

Texas 9.1 TCEQ 2016 

Washington 0.438 WA ECY 2015 

West Virginia 6.1 WV DEP 2009 

No federal SWQS for 1,4-dioxane exists.  In October 2018, Connecticut established a NPDES permit limit for 
1,4-dioxane of 43.3 ppb for an industrial discharge to a surface water body that is a non-drinking water 
source.  The limit was derived based on human-health criteria since no state SWQS exists.  Pennsylvania has 
a site-specific standard for one waterbody of 3 ppb based on human health criteria.  Vermont currently has a 
guideline of 300 ppt and will likely review limits set in other states when considering SWQS for these ECs. 

Section 2: Pretreatment Discharge Permit 
Casella’s current pretreatment discharge permit (Permit No. 3-1406) from the VTDEC Wastewater 
Management Division expired in 2016.  VTDEC is waiting to renew the permit until the review of leachate 
management options is completed.  The current permit includes limits for flow, biochemical oxygen demand 
(BOD) and pH for select POTWs in Vermont (Barre, Burlington North, Essex Junction, Montpelier, and 
Newport) where leachate may be disposed.   

Vermont developed action levels of 120,000 ppt for PFOA and 1,000 ppt for PFOS for leachate disposed at 
POTWs.  These values were determined to be maximum allowable concentrations at which POTW effluent 
discharge to surface water would not exceed Minnesota SWQS and/or Vermont VHAs, assuming no 
treatment of PFAS in the POTW.  This is a reasonable assumption, as most POTWs are not designed to 
remove PFAS.  In some cases, PFAS concentrations in POTW effluent can be higher than the influent, 
possibly due to biological or chemical oxidation of precursor compounds.  This phenomenon was noted for 
select PFAS at the Barre and Randolph POTWs and for many PFAS at the Newport POTW according to the 
data from the “Water Treatment Facility and Landfill Leachate PFAS Sampling” report dated May 3, 2018 
and prepared by Weston and Sampson. 
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It is unclear whether the VTDEC will revise existing limits in the renewed pretreatment permit.  However, it is 
reasonable to assume PFAS limits will be established that are similar to the action levels mentioned above.  
Metals, such as arsenic, may also be added.   

Section 3: NPDES Permit 
An NPDES permit would be required to discharge wastewater to surface water.  The Black River is the closest 
surface water body to NEWSVT.  Vermont is a delegated authority under the NPDES and, as such, issues 
NPDES permits for discharges to surface water within Vermont.  An industrial applicant would be required to 
fill out Permit Application Form WR-82 and Schedule B.  Both forms are included in Attachment C for 
reference.  Leachate characterization would be required for general chemistry, metals, and USEPA priority 
pollutants (listed in 40 CFR Part 423. Appendix A).  The permit application fee would be approximately $420 
assuming a permitted capacity of 60,000 gallons per day (gpd).  An annual fee of $200 would apply while 
the permit is in effect. 

The VTDEC would consider the application as a high-profile project, resulting in significant public 
engagement.  A pre-application meeting with VTDEC is recommended.  The VTDEC would consider the 
application a Type 1 permit and “large and complex project”, which triggers certain requirements.  These 
include a public pre-application meeting before submittal of the application, public notifications, and 30-day 
public comment period for the draft permit.  The public may request an informational meeting once the 
VTDEC issues a fact sheet and draft decision on the permit application, and the public comment period 
would not end until 7 days after the informational meeting. 

Vermont has SWQS for general parameters and toxics that would be compared to the projected in-stream 
concentration in the Black River receiving the effluent discharge.  The Black River is a Class A(2) water body, 
or a high-quality water that could be used as a drinking water source.  The VTDEC does not allow a mixing 
zone (dilution) in Class A(1) or A(2) waterbodies, but this may be negotiable.  The in-stream concentration is 
calculated using the annual minimum 7-day average streamflow with a 10-year recurrence interval, or the 
7Q10 flow.  This flow is 37 cubic feet per second (cfs) which is sizable in comparison to the sites’ maximum 
leachate volume of about 50,000 gpd (0.08 cfs) offering a potential full dilution factor of 460:1.  If the state 
determines that the in-stream concentration could potentially exceed SWQS, the permit would include a 
limitation for that parameter.  Some parameters are allowed dilution, while others (e.g., carcinogens, total 
maximum daily loads or TMDLs) are not.  For example, no dilution would likely be allowed for arsenic 
because it is a carcinogen. If the VTDEC will not allow a mixing zone, then SWQS must be met at end of pipe. 

Per Chapter 29A-303, Part (7)(D) of the Vermont Environmental Protection Rule, the State can develop 
standards for parameters present in the effluent if no federal or state SWQS exists by using human-health 
risk criteria.  Since the Black River could be used as a drinking water source, the VTDEC has the authority to 
develop permit limits for ECs such as PFAS. 

Permit limits for discharge to surface water will likely include metals, volatile and semi-volatile organics, 
pesticides, Aroclor polychlorinated biphenyls (PCBs), pH, temperature, turbidity, dissolved oxygen, ammonia-
nitrogen, nitrate, chloride, phosphorus, PFOA, PFOS, and whole effluent toxicity (acute and chronic).  
Monitoring will likely be included for 1,4-dioxane. 

Section 4: Air Permit 
NEWSVT has a current operating Title V air permit for the site (Permit No. AOP-17-018).  Limits are included 
for particulate matter, carbon monoxide, nitrogen oxides, sulfur dioxide, volatile organic compounds, and 
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hazardous air pollutants.  Based on the type of pretreatment technologies under consideration and 
discussions with Casella, it is assumed that on-site wastewater treatment equipment will not be significant 
contributors to emissions from the site.  Our experience is that Water9 modeling can be used to estimate air 
emissions for liquid treatment processes.  This is a USEPA model and has been accepted by regulatory 
agencies as a basis for a Request for Determination (RFD) to identify if the Title V air permit requires 
modification. In our experience the RFDs have been accepted and no permit modifications or emission 
controls were required. 

Evaporation technology may trigger air emissions monitoring and perhaps control requirements.  According 
to discussions with Heartland, emissions from their evaporation system are limited to pass-through of 
combustion byproducts from the thermal energy source and some volatile organic compounds (e.g., 
acetone).  Odors are a consideration and may necessitate controls.  These conclusions are based on 
Heartland’s air permit experience and stack testing of their installed evaporation systems for leachate 
treatment.  
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Attachment A: ITRC Table 4-1 and Table 4-1 Updates

Standards and Guidance Values for PFAS in groundwater, drinking water, and surface 
water/effluent (wastewater)



1/16/2019

November 2018

Table 4-1.  Standards and guidance values for PFAS in groundwater, drinking water, and surface water/effluent (wastewater).

Agency / 

Dept

Year

First 

Listed Standard / Guidance Type

Promulgated 

Rule (Y/N/O) Footnote PFOA PFOS PFNA PFBA PFBS PFHxS PFHxA PFPeA PFHpA PFOSA PFDA

PFDS, PFUnA, 

PFDoA, 

PFTrDA, 

PFTeDA 6:2 FTS Gen-X

335-67-1 1763-23-1 375-95-1 375-22-4 375-73-5 355-46-4 307-24-4 2706-90-3 375-85-9 754-91-6 335-76-2

335-77-3,        

2058-94-8,          

307-55-1, 

72629-94-8, 27619-97-2 3252-13-6

U.S. Environmental Protection Agency

USEPA Office of Water 2016 HA DW N a 0.07 0.07

Regions 2014 RSL GW N b 400

Regions 2018 RSL Calculation GW N c 0.4 0.4

U.S. States

Alaska (AK) DEC 2016 CL GW Y 0.40 0.40

DEC 2018 Action Level DW/GW/SW N e 0.07 0.07 0.07 2 0.07 0.07

California (CA) SWRCB 2018 NL DW N 0.014 0.013

Colorado (CO) DPHE 2018 GQS GW Y d 0.07 0.07

Connecticut (CT) DPH 2016 AL DW/GW N e 0.07 0.07 0.07 0.07 0.07

Delaware (DE) DNREC 2016 RL GW N a 0.07 0.07

DNREC 2016 SL GW N a 0.07 0.07 38

Iowa (IA) DNR 2016 Protected GW Y a 0.07 0.07

DNR 2016 Non-protected GW Y 1

Maine (ME) CDC 2016 Health-based MEG DW N a 0.07 0.07

DEP 2018 RAG GW N 0.4 0.4 400

CDC 2016 Screening Level GW N 0.12 0.12 140

CDC 2016 Screening Level SW/RW N 0.17 0.3 7,914

Massachusetts (MA) DEP 2018 Guidance Values DW O e 0.07 0.07 0.07 2 0.07 0.07

Michigan (MI) DEQ 2015 HNV SW Y 0.42 0.011

DEQ 2018 GCC DW/GW Y a 0.07 0.07

Minnesota (MN) MDH 2017 short-term HBV DW/GW O/N f 0.035 0.027 7 3 0.027

MDH 2017 subchronic HBV DW/GW O/N f 0.035 0.027 7 3 0.027

MDH 2017 chronic HBV DW/GW O/N f 0.035 0.027 7 2 0.027

Nevada (NV) DEP 2015 BCL DW N 0.667 0.667 667

New Hampshire (NH) DES 2016 AGQS GW Y a 0.07 0.07

New Jersey (NJ) DEP 2018 GWQS GW Y 0.013

DEP 2018 MCL DW Y 0.013

DWQI 2017 MCL DW O 0.014

DWQI 2018 MCL DW O 0.013

North Carolina (NC) DEQ 2006 IMAC GW Y 2

DHHS 2017 Health Goal DW N 0.14

Oregon (OR) DEQ 2011 IL SW Y 24 300 1 300 0.2

Pennsylvania (PA) DEP 2016 MSC GW N a 0.07 0.07

Rhode Island DEM 2017
Groundwater Quality 

Standard
DW/GW Y a 0.07 0.07

Texas (TX) CEQ 2016 Tier 1 PCL GW Y 0.29 0.56 0.29 71 34 0.093 0.093 0.093 0.56 0.29 0.37 0.29

Vermont (VT) DEC/DOH 2018 HA DW/GW Y e 0.02 0.02 0.02 0.02 0.02

This Table 4.1 belongs with the ITRC PFAS Regulations, Guidance and Advisories Fact Sheet. The values included here reflect values we are aware of as of November 15, 2018.  These values are changing rapidly. The ITRC intends to update this table periodically as new  information is gathered. The fact sheet user is encouraged to visit 

the ITRC PFAS web page (http://pfas-1.itrcweb.org) to access the current version of this file. Please see ITRC Disclaimer http://pfas-1.itrcweb.org/about-itrc/#disclaimer

Location

Statewide Standards

PFAS Analyte Concentration (µg/L) and CAS RN

Copy of ITRCPFASFactSheetSect4Tables_November2018
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